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SOLIDS MASS SPECTROMETER 

/ L03’ 
?. 

During the f i r s t  quarter  of the contract  period, the  f i r s t  three of the  : 

t asks  spec i f ied  i n  the  Statement of Work of the  contract  have been completed. 

These tasks are : 

(1) Measure the  background of the  present source wi tha  highly sens i t i ve  

analyser which uses an e lec t ron  mul t ip l ie r  f o r  the  de tec t ion  of the  ions. 

(2) Rebuild the ion source, or those pa r t s  of it which a r e  responsible 

f o r  the background, u t i l i z i n g  spectroscopically pure mater ia ls .  

(3) Rebuild the vacuum and gas i n l e t  systems t o  reduce the ul t imate  pres- 

sure  and the hydrocarbon contamination i n  order t o  inves t iga te  the f e a s i b i l i t y  

of using the instrument for  analysis of organic material. N d r H s Q .  

1 
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1. BACKGROUND 

I n  order t o  inves t iga te  the background of the  o ld  ion source, the  analyaer 

output w a s  equipped with a highly sens i t ive  e lec t ron  mul t ip l i e r  of t he  Van Allen 

type, having twenty stages.  Figure 1 shows a p l o t  of the  mul t ip l i e r  gain versus 

t o t a l  vol tage across the  mul t ip l ie r ,  using an input current  of 5 x 10 
+ of A 1  ions. 

-14 
amps 

Figures 2 t o  5 show secondary ion spec t ra  obtained from a s i l v e r  surface,  

t he  impuri t ies  of which were c e r t i f i e d  t o  be less than 1 ppm. 

gain was 10 , The output of the  mult ipl ier  was fed i n t o  a v ibra t ing  reed elec- 

trometer. 

Scanning was performed by simultaneously varying the secondary ion accelerat ing 

f i e l d  and the  e l e c t r o s t a t i c  def lect ing f i e l d  i n  the  analyser. The X-coordinate 

of t he  recorder trace i s  proportional t o  the secondary ioh accelerat ion vol tage 

V; thus the  mass scale increases from r i g h t  t o  l e f t  according t o  the expression 

MV = constant,  which holds f o r  a l l  ions moving along the same path i n  a constant  

magnetic f ie ld .  Furthermore, the s e n s i t i v i t y  decreases from r i g h t  t o  l e f t ,  

because of the  decrease of the ion co l l ec t ion  e f f ic iency  as the  ion acce lera t ing  

vol tage is reduced during the scan. 

The mul t ip l i e r  

5 

The spec t ra  cover the t o t a l  mass range up t o  approximately 160 AMU. 

The background peaks appearing on the spec t ra  can be considered typical ,  

although they vary i n  absolute  and relative i n t e n s i t y  from sample t o  sample, 

depending on c e r t a i n  physical and chemical propert ies  of the pa r t i cu la r  surface.  

Many peaks are e a s i l y  iden t i f i ed  auahas carbon C+ and the metals Na , Mg', Al', 

Si', K , Fe , Cu , and of course Ar' and Ar2+. 

f i e d  as ionic  components of the  above elements, such as FeH , CuOH', C U ( O H ) ~  . 

+ 
+ + +  Others can be t en ta t ive ly  iden t i -  

+ + 
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The i d e n t i t y  of the  majority of the  background peaks, however, remains un- 

ce r t a in ;  they are assumed t o  be hydrocarbon fragments, stemming from the  pump 

o i l  o r  from grease i n  the  gas I n l e t  system, car r ied  along with the  argon. 

Regarding the  meta l l ic  impurit ies,  i t  must be assumed t h a t  they are de- 

posited on the  sample surface due to sput te r ing  of material from other  sur faces  

which are bombarded by the  primary beam before i t  reaches the  ta rge t .  I n  order 

t o  co r rec t  t h i s  s l t ua t ion ,  the  ion source, the  gas i n l e t  system and the  pump- 

ing system had t o  be r ebu i l t .  

is d i f f e r e n t  from the  one previously used, the  whole system including the  hous- 

ing had t o  be bui ld  completely anew. 

views of the  new system. 

Since the  por t  opening of the new pumping s t a t i o n  

Figures 6 t o  1 E  show overa l l  and d e t a i l  

3 
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11. THE NEW ION SOURCE 

I n  the  new design, th ree  major object ives  were kept i n  mind. F i r s t ,  the  

choice of materials t o  reduce the  background of metallic impuri t ies ,  second, 

the improvement of the  primary and secondary ion opt ics ,  and th i rd ,  the  improve- 

ment of the  mechanical manipulation of the  samples. 

A l l  par t s ,  which are i n  contact with o r  c lose  t o  the primary beam, are 

made of the  purest  tantalum available.  These include the  duoplasmatron anode, 

which c a r r i e s  the ion ex t rac t ion  or i f ice ,  the  apex of t he  ion ex t r ac t ion  and 

acce lera t ion  electrode,  the aperture p l a t e  a t  the  e x i t  of the e inze l  lens ,  

the  beam adjustment p l a t e s  and the t a rge t  e lec t rode  (see Figures 9 and 10). 

Tantalum was chosen because of i t s  high and s ing le  mass number, 181. 

mass of the  tantalum ion and i ts  polymers is  w e l l  beyond the mass range of  

g rea t e s t  i n t e r e s t ;  furthermore, tantalum is among the metals which are sput te r -  

ed poorly. 

The atomic 

Another possible  source of background due t o  outgassing was i n  the  pre- 

vious ion source the  b i g  insulat ion flange between the  duoplasmatron and the  

main housing, which was made out  of p lexiglass .  

pyrex g lass  i n  the new design. 

This has been made out of 

The primary ion  opt ics  i s  designed fo r  smaller spot  s i z e  and b e t t e r  ad- 

j u s t a b i l i t y .  

by f i n e  threads i n  order t o  f a c i l i t a t e  the  exact a x i a l  adjustment of the  focus 

on the sample. 

a t  the e x i t  s ide  of the e inze l  lens f a c i l i t a t e  t ransverse adjustments of t h e  

beam (See Figure 9). 

Two of the three electrodes of the  e inze l  lens  are ad jus tab le  

I n  addi t ion,  two pairs of mutually perpendicular p l a t e s  mounted 

4 
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The secondary ion op t i c s  has been improved by the  addi t ion  of a conica l ly  

shaped ion co l l ec to r  e lectrode and a t a r g e t  e lectrode with a V-shaped matching 

counterbore, a t  the bottom of which the  sample i s  held. I n  t h i s  way, the ion 

co l l ec t ing  and accelerat ing f i e l d  

and :.is independent of the  shape of t he  sample (See Figure 10). 

i n  f ron t  of the t a r g e t  ..is defined b e t t e r  

The eamples are mounted on a copper bar,  which i n  turn  is mounted on a 

ceramic-metal bushing. 

steel  tubes, which can be moved externally.  

t ransverse motion is  obtained by means of two crossed dovetai ls .  

s t a i n l e s s  steel bellows allows the movements i n  vacuum. The coolant flows i n  

the  two concentric tubes (See Figure 11). 

This is welded t o  the outer  of two concentr ic  s t a i n l e s s  

A dr ive  nut provides axial motion; 

A welded 

A viewing port  a l lows observation of the primary beam, and by means of a 

special mirror arrangement, t he  inspection of the bombarded surface during 

operat ion through a telescope (See Figure 8). 

I n  the new gas i n l e t  system, a l l  greased stopcocks are eliminated. The 

argon passes through a l i q u i d  nitrogen t r ap ,  before i t  is  admitted through a 

f i n e  metering valve to  the duoplasiiiatron. 

5 
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111. THE VACUUM SYSTEM 

The main pump i s  now a 6-inch mercury d i f fus ion  pump topped by a l iqu id  

ni t rogen t r ap .  

housing. 

vented with dry nitrogen. 

On top of the t r a p  is  a b u t t e r f l y  valve and then the ion source 

For sample changes the  bu t t e r f ly  valve i s  closed and the  ion source 

For roughing, a bypass l i n e  i s  provided. 

The mass analyser is pumped by t w o  ion pumps, each having a pumping speed 

of 15 l i ters /second.  

By el iminat ion of a l l  vacuum grease and oil on the  high vacuum s i d e  of 

t h e  system, the  hydrocarbon background i n  the  new system should be g rea t ly  

reduced. 

6 
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IV. FUTURE WORK 

The f irst  experimental s t e p s  t o  be taken now are the  mechanical ad jus t -  

ment of the primary ion opt ics  i n  order  t o  obtain the smallest  possible  focal  

spot on the  sample. 

pure metallic samples and take fur ther  co r rec t ive  measures i f  necessary. Then 

c a l i b r a t i o n  of the  instrument with samples of prec ise ly  known composition w i l l  

be  started, similar t o  the ca l ib ra t ion  work reported i n  the F ina l  Report of 

t he  Third Phase, only w i t h  a wider va r i e ty  of standards,  

The next s t e p  w i l l  be t o  re-check the  background with 

7 
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'V. LIST OF FIGURE CAPTIONS 

Figure 1. 

Figure62. t o  5. 

Mul t ip l ie r  gain versus t o t a l  mu l t ip l i e r  voltage.  

Secondary ion spec t ra  obtained from a surface of pure 

s i l v e r ,  showing metallic and hydrocarbons background of the  previous ion  

source. 

Figure 6. Overall view of the new system. Right rack contains:  high 

vol tage power supply for  primary ion beam and, screened in ,  duoplasmatron 

power supply and primary beam adjustment controls.  

mass analyser power suppl ies  and controls  and readout system. 

contains:  vacuum control  un i t s ;  v i s i b l e  on the r i g h t  s i d e  underneath the  

top is the  6-inch mercury diffusion pump with the  l i qu id  ni t rogen t r a p  and 

a permanently i n s t a l l e d  tank with dry ni t rogen gas f o r  venting the system, 

on the  top the ion source and analyser system. 

Lef t  rack contains: 

Middle rack  

Figure 7. Ion source and analyser system. From r i g h t  t o  l e f t :  Ion 

Source, mass analyser with two 15 l i t e r / second ion pumps, e l ec t ron  mul t ip l i e r ,  

v ibra t ing  reed electrometer. 

including argon fias.k, cold t r a p  3rd needle valve. 

a small  pump to  c i r cu la t e  cooling o i l  through duoplasmatron and sample holder,  

kn!turn cooled by water i n  a heat  exchanger. 

Behind electromagnet the  gas i n l e t  system, 

On t h e  r i g h t  r e a r  corner 

Figure 8. Sputtering ion 80urce. On top duoplasmatron, i n  the  middle 

viewing por t ,  through which the in te rsec t ion  of the  primary and the  secondary 

ion  op t i c s  i s  v i s i b l e ,  r i g h t  f ront  por t  bears  t a r g e t  holder with a x i a l  and 

two mutually perpendicular adjustments, l e f t  f ron t  por t  connects t o  mass ana- 

l y se r ,  l e f t  r e a r  p o r t  carries e l e c t r i c a l  feedthroughs for  primary beam adjust-  

ment, r i g h t  r ea r  port  c a r r i e s  secondary ion opt ics .  

8 
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Figure 9. Duoplaslhatron and primary ion opt ics .  Electrodes insu la ted  

by b ig  white ceramic b a l l s  cons t i tu te  e l e c t r o s t a t i c  e inze l  lens ,  the foca l  

length of which i s  adjustable  by f ine threads w'bthin a c e r t a i n  range. 

insulated by small pyrex g lass  b a l l s  bear two p a i r s  of mutually perpendicular 

p l a t e s  (tantalhm): f o r  primary beam adjustment. 

Electrodes 

Figure 10. Secondary ion optics. Sample covers e l l i p t i c a l  hole  i n  t a r g e t  

e lectrode,  (tantalw). v i s i b l e  on r i g h t  end. Primary beam comes from above, 

secondary beam leaves t o  the  l e f t .  

Figure 11. Sample holder. Four samples mounted with tantalum clamps on 

copper bars ,  which is o i l  cooled and e l e c t r i c a l l y  insulated.  

from sample t o  sample by s t r a i g h t  knurled dr ive  nut, two mutually perpendicular 

adjustments by crossed doveta i l  arrangement (two knurled knobs). Welded s t a i n -  

less steel bellows. 

Axial movement 

I 
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